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[57] ABSTRACT 

The anhydrate of 7-([111501.60.]-6-amino-3-azabicyclo 
[3.1.0]hex-3-y1)-6-?uoro-l-(2.4-di?uoropheny1)-1.4 
dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid. meth 
anesulfonic acid salt has advantageous stability for 
formulation as an antibacterial agent. 

4 Claims, No Drawings 
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CRYSTAL FORM OF ANHYDROUS 7-([10t,50t, 
60.]-6-AMINO~3-AZABICYCLO[3.1.0]HEX-3 
YL)-(>FLUORO-l-(2,4-DIFLUOROPHENYL)- 1, 
4-DIHYDRO-4-OXO-L8 NAPHTHYRIDlNE-3 
CARBOXYLIC ACID, METHANESSULFONIC 5 

ACID SALT 

BACKGROUND OF THE INVENTION 

The invention is directed to a novel crystal form of 
anhydrous 7-([ 1ot.50t.6ot]-6-arnino-3-azabicyc1o[3.1.0lhex 
3-yl)-6-?uoro- 1-(2.4-di?uorophenyl)- 1 .4-dihydro-4-oxo- l . 
8-naphthyridine-3-carboxylic acid. methanesulfonic acid 
salt. a method of using said compound in the treatment of a 
bacterial infection in mammals. especially humans. and to 
pharmaceutical compositions useful therefor. 
US. Pat. No. 5.229.396. which is incorporated herein by 

reference. discloses 7-([lot.5(1.60tl-6-amino-3-a2abicyc1o 
[3.1.0]hex-3-y1)-6-f1uoro-l-(2.4-di?uorophenyl)-1.4 
dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid. meth 

10 

20 
anesulfonic acid salt of the formula 

I 

25 

wherein Y is o,p-di?uoropheny1 and R2 is 30 

11 

HgN N 

35 

having antibacterial activity. 

SUMMARY. OF THE INVENTION 

The invention is directed to a novel crystal form of 
anhydrous 7-([l0t.50t.6ct]-6-amino-3-azabicyclo[3.1.0]hex 
3-yl)-6-?uoro- l-(2.4-di?uoropheny1)- 1.4-dihydro-4-oxo- 1 . 
8-naphthyridine-3-carboxylic acid. methanesulfonic acid 
salt which possesses valuable and nonobvious properties. 
Since the anhydrate is substantially hydrophobically stable. 
formulation problems of the active ingredient during tablet 
ing or capsulation operations are alleviated. 

DETAILED DESCRIPTION OF THE 
INVENTION so 

The 7-([ l0t.5ot.60t]-6-amino-3-azabicyc1o[3 .1.0]hex-3-yl) 
-6-?uoro-1-(2 .4-di?uoropheny1)-1.4-dihydro-4-oxo-L8 
naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
referred to in US. Pat. No. 5.229.396 characterized by the 
major peaks in the following X-ray powder diifraction 
pattern 

55 

2 
is substantially hygroscopic and can pick up water from the 
atmosphere to form a monohydrate. The monohydrate is 
characterized by the major peaks in the following X-ray 
powder diffraction pattern 

Peak no. 1 2 3 4 5 6 7 8 

29(°) Cu 4.7 9.4 12.4 13.1 13.6 14.2 17.0 17.9 
d space 18.7 9.4 7.1 6.7 6.5 6.3 5.2 5.0 

Peak no. 9 10 11 12 12 14 15 

29(°) Cu 18.7 21.0 22.0 24.2 24.2 26.6 27.2 
(1 space 4.7 42 4.0 3.7 3.7 3.5 3.3 

The novel crystal form of 7-([l0t.5ot.6ot]-6-amino-3 
azabicycloi3. 1.0]hex-3-y1)-6-?uoro-l-(2.4-di?uorophenyl) 
1.4-dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid. 
methanesulfonic acid salt (hereinafter “the anhydrate”) is 
hydrophobically stable and characterized by the major peaks 
in the following X-ray powder di?raction pattern. 

Peak no. 1 2 3 4 5 6 7 8 

29(°) Cu 4.5 7.7 9.1 13.6 15.0 18.2 18.6 22.8 
d space 19.5 11.5 9.7 6.5 5.9 4.9 4.8 3 .9 

The anhydrate may be prepared by heating 7-([ lot.5ot.6ot] 
-6-amino-3-azabicyc1o[3.1.0]hex-3-y1)-6-?uoro-1-(2.4 
di?uorophenyl)-1.4-dihydro-4-oxo-l.8-naphthyridine-3 - 
carboxylic acid. methanesulfonic acid salt or its derived 
monohydrate in an organic solvent or a mixture thereof with 
an aprotic co-solvent. such as isopropanol. 
dimethylsulfoxide. n-propanol. tetrahydrofuran or 
n-butanol. preferably n-butanol or tetrahydrofuran/n 
butanol. to re?ux or to a temperamre between about 70° C. 
to about 90° C.. preferably about 85° C. Depending on the 
reaction temperature and othm conditions. the reaction time 
generally ranges from about 1 hour to about 20 hours. 
preferably about 2 hours to about 16 hours. 
The crystal slurry formed is cooled to a temperature 

between about 20° C. to about 30° C.. preferably about 25° 
C.. for a time period between about 2 hours to about 24 
hours. preferably about 2 hours to about 12 hours. The 
crystalline product is then ?ltered from the mother liquid 
and dried under vacuum until all the solvent has been 
removed 
The anhydrate may be administered as an antibacterial 

agent as described in above-mentioned US. Pat. No. 5.229. 
396. Administration to a subject may be alone. but the 
anhydrate will generally be administered in admixture with 
a pharmaceutical carrier selected with regard to the intended 
route of administration and standard pharmaceutical prac 
tice. For example. it can be administered orally or in the 
form of tablets containing such excipients as starch or 
lactose. or in capsules either alone or in admixture with 
excipieuts. or in the form of elixirs or suspensions contain 
ing ?avoring or coloring agents. In the case of animals. it is 
advantageously contained in an animal feed. 

Peak 
no. 1 2 3 4 5 6 7 8 9 l0 

2B(°) Cu 5.0 9.8 13.0 14.8 19.7 20.9 22.0 25.0 28.1 29.3 
d space 179 9.0 6.8 6.0 4.5 4.2 4.0 3.9 3.2 3.0 
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The invention also provides pharmaceutical compositions 
comprising an antibacterially ell’ective amount of the anhy 
drate together with a pharmaceutically acceptable diluent or 
carrier. 
The anhydrate can be administered to humans for the 

treatment of bacterial diseases by either the oral or 
parenteral routes. and may be administered orally at dosage 
levels of about 0.1 to 500 mg/kyday. advantageously 0.5-50 
mg/kg/day given in a single dose or up to 3 divided doses. 
For intramuscular or intravenous administration. dosage 
levels are about 0.1-200 mg/kg/day. advantageously 0.5-50 
mg/kg/day. While intramuscular administration may be a 
single dose or up to 3 divided doses. intravenous adminis 
tration can include a continuous drip. Variations will nec 
essarily occur depending on the weight and condition of the 

4 
by the major peaks in the following X-ray powder diffraction 
pattern. 

Peak cc. 1 2 3 4 5 6 7 s 

200) Cu 4. 9.4 12.4 13.1 13.6 14.2 17.0 17.9 
d space 18.7 9.4 7.1 6.7 6.5 6.3 5.2 5.0 

Peak :10. 9 10 11 12 12 14 15 

29(0) Cu 18.7 21.0 22.0 24.2 24.2 26.6 27.2 
<1 space 4.7 42 4.0 3.7 3.7 3.5 3.3 

EXAMPLE 1 

subject being treated and the particular mete ef_ edministra- ‘5 7-({ 10t.501.611]-6-arnino-3-azabicyclo[3. 1.0]heX—3y)—6— 
hen eheeeh as W111 be [mew to those ekllled {11 the are ?uoro-l-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo-L8 

rlthc antlba‘ftenal actwlty of th‘“: anhydrate _15 Show.“ by naphthyridine-S-carboxylic acid. methanesulfonic acid 
testing according tobthe StZIers replicatotil'l glcilmqumhgeh 113s Sam anhydrous 
a standard“ vitm acted ‘wing me ‘mi Y - 7- 1ct.5ct.6ct -6-amino-3-azabic clo 3.1.0 hex-3- l-6 
SICCI'S Ct 31.. lkntibioticsland Chemotherapy. 9. 2U ?uolg)_1_(2_4_£i?uor0phcny1)_ 1_Z_di{1ydr0]_4_oxo):1)_8_ 
The hydranon prqpemes ‘.mllie ?amed gra‘flme'ncany naphthyridine-S-carboxylic acid. methanesulfonic acid salt 

over a range offelauvc huimdmes 95mg 3 VTI Imcmbalance or its monohydrate (20 g) was stirred with‘ isopropanol (220 
System for “1015mm sorpuon smdles (Model MB3OOW)‘ ml). The crystal suspension was re?uxed for 16 hours or 

until microscopic examination had shown that the crystal 
PREPARATION A 25 form had changed to a hexagonal form. The crystal slurry 

7-([lot.501.601]-6-amino-3-azabicyclo[3. l.0]hex-3-yl)-6- was cooled to 20°-25° C. and stirred at this temperature for 
?uoro-1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo-1.8- abeut 1 hevr- The eryshllline Preduet wee ?ltered frem the 
naphthyridine-Ii-carboxylic acid. methanesulfonic acid moth“ liquof- Washed with isopropanol (about 50 mL) and 
salt dried under vacuum at 40° C. until all the solvent had been 
7-([1ot.5ot.6ctl-6-tert-butyloxycarbonylamino-3- 30 remov?d- Yield 98% 

azabicyclo13.l.O]hex-3yl)-6-?uoro-l(2.4-d.i?uorophenyl)- The Product is a 115W polymorphic form of 7-(l10l-50L60ll 
1.4-dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid. -6-aII1il\°-3-?ZabicYCl°l3- 1-0lh¢X-3-Y1)-6-?ll0l'0-1-(2~4 
ethyl ester. (25 g) and methanesulfonic acid (11 g) was di?uerephenyh-l-4-dihydre-4-exe-l-8-nephthyridine-3 
added to a mixmm of warm- (250 mL) and mu-ahydmfmn carboxylic acid. methanesulfonic acid salt. anhydrous. 
(250 mL). The resultant slurry was heated to re?ux (about 35 characterized by the following major peaks in its X-ray 
66° C.) temperature and held at this temperature for 20 hours Powder diffraction Pam"! 
after which time a clear solution was obtained. The solution 
was cooled to 35°—40° C. and concentrated under reduced 
pressure to about half its original volume. The resultant 9°31‘ n°~ 1 2 3 4 5 6 7 8 

crystal slurry was cooled slowly to room temperature (about 40 29mm 4.5 7.7 9.1 13.6 150 182 186 223 
20° C.) and then flll'ih?l‘ stirred at 10° C. f0!‘ 2 hours. The d space 195 115 9,7 6.5 5.9 49 43 39 
crystalline product 7-([101.5ot.60t]-6-amino-3-azabicyclo 
[3.1.0]hex-3-yl)-6-?uoro-l-(2.4-di?uorophenyl)- 1.4 
dihydro-4-oxo-l.8-naphthyridine-3-carboxylic acid. meth- EXAMPLE 2 
anesulfonic acid salt was isolated by ?ltration and washed 
with a mutttuc of tetrahydrofuran (12.5 mL) and water (12.5 45 7-(l1u-5ee6ul-6-emine-3-azabieye1el3-1-01heX-3y)-6 
mL). The crystals were dried under vacuum at 30°~35° until ?uof °-1-(2~4-di?u°1'°l>h°l1y1)-1~4-dihyd1' °-4'°K°-1~3' 
the residual water content of the crystals was below 0.2%. naphthyridine-3-carboxylic acid. methanesulfonic acid 
Y1eld 21.2 g. 90%. salt. anhydrous 
The crystals of 7-([l11.501.601]-6-amino-3-azabicyclo 7-([101.501.6(11-6-amino-3-azabicyclo[3.l.0]hex-3-yl)-6 

[3.1.0]hex-3-yl)-6—?uoro- l-(2.4-di?uorophenyl)-1.4- 50 ?uoro-l-(2.4-di?uor0phenyl)-1.4-dihydro-4-oxo-L8 
dihydro-4-oxo-1.8-naphthy1idine-3-carboxylic acid. meth- naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
anesulfonic acid salt are characterized by the major peaks in or its monohydrate (7 g) was dissolved in dirnethylsulfoxide. 
the following X-ray powder dilfraction pattern. DMSO (21 mL) by heating to 80°—85° C. until complete 

Peak 
to. 1 2 a 4 5 6 7 8 9 10 

200’) cu 5.0 9.8 13.0 14.8 19.7 20.9 22.0 23.0 28.1 29.3 
0 space 179 9.0 6.8 6.0 4.5 4.2 4.0 3.9 3.2 3.0 

Th6 0 Sta‘ 7_ 1 _ _ _ _ - 0_ _azabi solution was obtained. Isopropanol (150 mL) was added 

[3.1.01tiiait?ga55.331333-?il’li‘io?myt?ii? 11583133 536% g; rigggfmeeefg; 
dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid. rneth- 65 ' “y 1” mpc 
anesulfonic acid salt can pick up water from the atmosphere 
and form a monohydrate. The monohydrate is characterized 

ture about 85° C. for 2-16 hours or until microscopic 
examination had shown that the crystal form had changed to 
a hexagonal form. The resultant crystal slurry was cooled to 
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20°-25° C. The crystalline product was ?ltered from the 
mother liquor. washed with isopropanol (about 50 mL) and 
dried under vacuum at 50° C. until all the solvents had been 
removed. Yield 77%. 
The product is the same as in Example 1. 

EXAMPLE3 

naphthyridine-3-carboxylic acid. methanesulfonic acid 
salt. anhydrous 
7-(l 1o..5moot]-6-amino-3-azabicyclo[3.1.0]hex-3-y1)-6 

?uoro~1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo-1.8 
naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
or its monohydrate (55.6 g) was dissolved in 
dimethylsulfoxide. DMSO (159 mL) by heating to 80°—8S° 
C. until complete solution was obtained. The solution was 
cooled to 20°—25° C. and stirred for 2 horns until a crystal 
slurry formed. Dichloromethane (1200 mL) was added drop 
wise to the solution at about 25° C. to fully induce crystal 
lization. The crystal suspension was held at room tempera 
ture overnight or until microscopic examination had shown 
that the crystal form had changed to a hexagonal form. The 
crystalline product was ?ltered from the mother liquor. 
washed with dichloromethane (3x119 mL) and dried under 
vacuum at 50° C. until all the solvent had been removed. 
Yield 91%. 
The product is the same as in Example 1. 

EXAIvIPLE 4 

naphthyn'dine-Ii-carboxylic acid. methanesulfonic acid 
salt. anhydrous 
7-([1a.5ot.6t1]-6-amino-3 -azabicyclo[3. 1.0]hex-3-yl)-6 

?uoro- 1-(2.4-di?uoropheny1)-1.4-dihydro-4-oxo- 1.8 
naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
or its monohydrate (1 g) was stirred with n-propanol (44 
mL). The crystal suspension was re?uxed for 3 hours or until 
microscopic examination had shown that the crystal form 
had changed to a hexagonal form. The crystal slurry was 
cooled at 20°-25° C. and stirred overnight. The crystalline 
product was ?ltered from the mother liquor. washed with 
n-propanol (about 10 mL) and dried under vacuum at 
50°—55° C. until all the solvent had been removed. Yield 
68%. 
The product is the same as in Example 1. 

EXANIPLE 5 

7-([1ot.5ot.6ot]-6-amino-3-azabicyclo[3.1.0]hex-3y)-6 
fluoro-1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo-L8 
naphthyridine-Ii-carboxylic acid. methanesulfonic acid 
salt. anhydrous 
7-([lot.5ot.6ot]-6-amino-3-azabicyc1o[3.1.0]hex-3-y1)-6 

?uoro-1-(2.4-di?norophenyl)- 1 .4-dihydro-4-oxo-1.8 
naphthyridine-S-carboxylic acid. methanesulfonic acid salt 
or its monohydrate (70 g) was stirred with a mixture of 
tetrahydrofuran (175 mL) and a n-butanol (525 mL). The 
crystal suspension was heated for 16 hours or until micro 
scopic examination had shown that the crystal form had 
changed to a hexagonal form. The crystal slurry was cooled 
to 20°—25° C. and stirred overnight. The crystalline product 
was ?ltered from the mother liquor. washed with a mixture 
of tetrahydrofuran (25 mL) and n-butanol (75 mL) and dried 
under vacuum at 80° C. until all the solvent had been 
removed. Yield 95%. 
The product is the same as in Example 1. 
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EXAMPLE 6 

7-([10t.50t.60t]-6-amino-3-azabicyc1o[3.1.0]hex-3y)-6' 
?uoro-1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo-L8 
naphthyridine-3-carboxylic acid. methanesulfonic acid 
salt. anhydrous 
7—([1ot.5a.6ot|-6-a1nino-3-azabicyclo[3.1.0lhex-3-yl)-6 

?uoro- 1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo- 1.8 
naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
or its monohydrate (5 g) was stirred with n-butanol contain 
ing up to 1% water (220 mL). The crystal suspension was 
heated to re?ux for 5 hours or until microscopic examination 
had shown that the crystal form had changed to a hexagonal 
form. The crystal slurry was cooled to 20°—25° C. and stirred 
overnight. The crystalline product was ?ltered from the 
mother liquor. washed with n-butanol (about 20 mL) and 
dried under vacuum at 50°—55° C. until all the solvent had 
been removed Yield 92%. 
The product is the same as in Example 1. 
We claim: 
1. 7-([lot.5ot.6ot]-6-amino-3-azabicyclo[3.1.0'lhex-3-yl) 

6-?uoro-1-(2.4-di?uorophenyl)-1.4-dihydro-4-oxo- 1.8 
naphthyridine-3-carboxylic acid. methanesulfonic acid salt 
characterized by the following major peaks in its X-ray 
powder diifraction pattern 

Peak no. 1 2 3 4 5 6 7 8 

29(°) Cu 4.5 7.7 9.1 13.6 15.0 18.2 18.6 22.8 
d space 19.5 11.5 9.7 6.5 5.9 4.9 4.8 3.9 

2. A process for preparing the compound according to 
claim 1. which comprises heating 7-([lu.5r1.60t]-6-amino 
3-azabicyclo[3. l.0]hex-3-yl)-6-?uoro-1-(2.4 
di?uoropheny1)- 1 .4-dihydro-4-oxo- 1 .8-naphthyridine-3_ 
carboxylic acid. methanesulfonic acid salt or its derived 
monohydrate in the presence of an alcohol or mixture 
thereof with an aprotic co-solvent. 

3. A pharmaceutical composition having antibacterial 
activity. which comprises crystalline 7-([10t.50L.6ot]-6 
amino-3-azabicyclo[3.1.0]hex-3-y1)-6-?uoro-1-(2.4 
di?uoropheny1)-1.4-dihydro-4-oxo- 1 .8-naphthyridine-3 
carboxylic acid. methanesulfonic acid salt characterized by 
the following major peaks in its X-ray powder diffraction 
pattern 

Peak no. 1 2 3 4 5 6 7 8 

29(°) Cu 4.5 7.7 9.1 13.6 15.0 18.2 18.6 22.8 
d space V 19.5 11.5 9.7 6.5 5.9 4.9 4.8 3.9 

4. A method of treating a bacterial infection. which 
comprises administering to a subject in need of treatment an 
antibacterial amount of crystalline 7-([1u.5ot.60t]-6-amino 
3-azabicyclo [3 . 1.0]hex-3-y1)-6-?uoro-1-(2 .4 
di?uorophenyl)- 1 .4-dihydro-4-oxo-1.8-naphthyridine-3 
carboxylic acid. methanesulfonic acid salt characterized by 
the following major peaks in its X-ray powder di?raction 
pattern 

Peak no. 1 2 3 4 5 6 7 8 

29C’) Cu 4.5 7.7 9.1 13.6 15 .0 18.2 18.6 22.8 
d space 19.5 11.5 9.7 6.5 5.9 4.9 4.8 3.9 


